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ABSTRACT, - Growth zones in the otoliihs and scales of Antarctic fish were investigated to 
determine during which period of the year they were formed. In otoliihs the opaque zones were 
formed during summer and autumn, and the hyaline zones during the winter, spring and early 
summer. In scales, the zone of widely spaced sclcritcs (circuli) was formed during summer and 
autumn, and the zone of closely spaced sdcrites in winter. The hypothesis that an adjacent 
opaque and hyaline zone in otoliths, and an adjacent wide and closely spaced sclcrilc zone in 
scales, is an annulus which represents one year of Life was supported by this study. It was 
concluded that counting such annuli is a valid technique lo age Antarctic fish. 

RESUME. - Lcs zones de croissance visibles dans les otolilhes et sur lea dcaillcs dc poissons 
de I'Antaretique ont eld dtudiees a fin dc determiner la periode dc l'anncc durant laqucllc dies se 
forment. Dans les otolithes, les zones opaques se fomient pendant Y6i£ d L'automne el les zones 
hyalines pendant lliivcr, le printemps cl le debuL de leic. Dans les ecaillcs, lcs zones dc 
scldritcs (circuli) largemcnt espacees sont deposdes en dtd et en automne et les zones dc sderites 
resserr6cs cn hiver. Cette 6tude soutient ITiypothcse que* dans lcs otolithes* deux zones 
adjacentes lune opaque lautre hyaline cl* dans les Gcailles, deux zones adjacemes Tunc avec dcs 
sclcritcs cspaeccs et lautre avec des sderites rcsseiTces* sont un annulus qui reprdseme unc 
annee dc vie. Compter de ids annuli apparall done comme une methode valable pour determiner 
lage de poissons de l'Antarcrique. 
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Antarctic fish populations have been exploited by Russian and Polish fishing 
fleets during the Iasi ten years (Kock et ai , 1985 ; Kock, 1986). The yield to the 
fishery has fallen over that period. The fish stocks and the average age of the fish at 
South Georgia have declined. These stocks are now protected by conservation 
measures under the international Commission for the Conservation of Antarctic 
Marine Living Resources (CCAMLR) which has proposed that the status of the 
stocks should be monitored (CCAMLR, 1986). It will be necessary to determine both 
the age and size structures of the fish populations to predict the potential yield to 
both the fisheries and natural predators. 

Age of fish is usually estimated by the interpretation of patterns in the 
structure of hard tissues such as otoliths (sagilla), scales, vertebrae and other bones. 
The first information about the age of Antarctic fish resulted from an analysis of 
samples of Nototherua rossii from South Georgia by Olsen (1954). Olsen used a 
combination of Lhe pattern of the sclcritcs in the scales and length-frequency plots 
to deduce age. To age three species of Channichlhyids which lack scales, Olsen 
(1955) used annuli within otoliths combined with length Frequency analysis. Since 
then it has been proved possible to age many species of Antarctic fish from scales 
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or otoliths (Everson* 1970* 1981 ; Hureau* 1970 ; Schcrbich* 1975 ; White and 
North, 1979 ; North el ai, i960). Other tissues have also been used for age 
determination* including pectoral girdle bones {Tomo and Cordcro-Funcs* 1972)* 
vertebrae (Kochkin* 1980) and fin-rays (Freylag* 1980 ; Gubsch* 1980)* 

Previous studies have assumed that summer growth* is represented in otoliths 
by the opaque zone and in scales by the region of widely spaced sclcrites, whereas 
winter growth is represented by the hyaline zone in otoliths and the closely spaced 
sderitc zone in scales (Everson* 1981). This assumption has been shown to be true 
for temperate fish (Williams and Bedford* 1974). In Antarctic fish the agreement 
between estimates of age from poly modal length frequency distributions and those 
from examination of otoliths and scales support the assumption that each pair of 
zones represents one year* though few studies have determined when the growth 
zones arc formed or demonstrated that they are annual. 

The age of Pagothenia bcrnncchii caught off Terre Adelic was investigated by 
Hureau (1964). Bureau stated dial the zones in the otoliths were annual* with the 
opaque zone forming during November to February and the hyaline zone in March to 
July* The timing of annulus formation in the scales of Notoihenia rossii from South 
Georgia was investigated by Schcrbich (1975). Schcrbich found that, in July, 86.6 % 
of the fish had a complete annulus on the margin of the scales. She used the first of 
July as the "annual boundary line" (birthday) to determine the age of the fish* The 
present study has investigated the outermost structures of otoliths and scales in order 
to determine when the summer and winter zones were formed* 


MATERIAL AND METHODS 

Fish were captured by using an Agassiz trawl towed along the seabed* or by 
SCUBA diver using a hand net. Collections were made in nearshore waters* mostly at 
Cumberland East Bay, South Georgia but also at Factory Cove* Signy Island* South 
Orkney Islands. The species of fish captured included, Notoihenia angustifrons * 
Noiolhcrua negiecta, Notoihenia rossii * Nolot he mops nudtfrons, Nototheniops 
larseni, Tremaiornus newnesi and llarpagifer georgianus (using the nomenclature of 
Fischer and Hureau* 1985)* 

Otoliths* and scales when present* were removed from fresh specimens, rinsed 
in freshwater* and stored dry in labelled paper envelopes or glass vials. Otoliths were 
cleared with cedar-wood oil and examined whole at x!6 to x6Q magnification using a 
binocular microscope and a high power lighL source (Volpi intralux 6000 with 
intense focus lens). Both re Heeled and polarised transmitted lights were used 
alternately to view each specimen. Dark field illumination was obtained when using 
transmitted light by a polarising filter both beneath the stage and the objective lens 
of the microscope* The filters were aligned 90 degrees out of phase lo each other* 
This method of illumination made the internal structure of the otolith easier to 
discern than normal bright field illumination. A proportion of otoliths (7 %) were 
too opaque to be viewed by this method. They were cracked, charred and then viewed 
using reflected light (North et ol, k 1980)* Scales were viewed dry using transmitted 
light 

Nomenclature of die zones forming the annuli and the interpretation of the 
structures observed follows that of Everson (1981) : 

"Annulus : An annulus is the combination of each opaque and hyaline zone 
proceeding away from the nucleus. The first annulus is a special ease in that it 
consists of the nucleus plus the first true hyaline zone* 

Opaque zone : Zone consisting of material which obstructs the passage of light 
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(usually formed during the summer or fast growing period). 

Hyaline zone : Zone consisting of material which permits the passage of light 

(usually formed during the winter or slow growing period)/' 

Pseudo-hyaline edge : The outermost edge of otoliths immersed in cedar 

wood oil and viewed by transmitted light usually appears translucent. Even an opaque 
zone which is not yet complete appears to have a peripheral hyaline edge. Therefore 
this peripheral edge must be the growing part otolith which has not yet differentiated 
into a hyaline or opaque zone. I have called this outermost edge the pseudo-hyaline 
edge. The radius of the pseudo-hyaline edge represents an unknown period of time. 
An indication of this interval is the radius of the pseudo-hyaline edge as a 

proportion of the total radius of the otolith. To estimate this period it was assumed 

that the rate of deposition is about equal for the pseudo-hyaline edge and the fully 
differentiated part of the otolith. From this assumption it follows that the time 

represented by the pseudo-hyaline edge as a proportion of the total time taken to 

form the oioliLh is analogous to the radius of the pseudo-by aline edge as a 

proportion of the total otolith radius. Based on this assumption the following 

equation was used for each individual observation to estimate the lime represented by 
the pseudo-hyaline edge : 


Radius of the pseudo-hyaline edge along Months represented by the total otolith 

the otolith radius X radius + 2* 


Total otolith radius 


The individual estimates were then pooled Lo give an overall estimate of the 
time represented by the pseudo-hyaline edge. This was found to be : 0,70 to 1.18 
months (x = 0.94, s.d. 0.24, min. 0.30, max. 2.10, n = 44), Therefore an error of 
about one month is likely in observations of when the outermost zone in otoliths 
was formed. This difference, or error, between the date of sampling otoliths and the 
Lime when the edge of the last zone was formed is about 8 % of a year. 

For effective statistical analysis it was necessary to pool observations of 
otolith zones for several months because only a small number of samples were 
obtained each month. This further reduces the precision in determining when the 
zones were formed. These reduclions of the precision may result in a combined error 
of about two months. 

The criteria followed Lo make an objective estimate of the type of peripheral 
zone observed in otoliths and scales is given in Table I. The chi-square test was used 
lo determine whether the observed distributions (Figs 1, 2 ; Tables II, IH) were 
significantly different from a uniform distribution (Sncdecor and Cochran 1980). 


RESULTS 


OTOLITHS 

In otoliLhs the type of outer zone observed is shown in Fig. 1, Table II, The 
data includes several species (n = number of specimens) ; Noiolhenia angustifrons 


* Note 2 months was added to compensate for the unknown period of lime represented by llic 
pseudo-hyaline edge. 
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Table I : Description of the outermost zone in otoliths and scales *. 


Age-stage 

Otoliths 

Scales 

Width of zone 

1 

opaque 

widely spaced sclcritcs 

narrow 

2 

opaque 

widely spaced sclcritcs 

well developed 

3 

opaque 

widely spaced scleritcs 

wide, almost equal to widih of 
previous similar zone 

4 

hyaline 

closely spaced sctcrilcs 

narrow 

5 

hyaline 

closely spaced sclcritcs 

well developed 


* Note this excludes ihc extreme outermost edge of otoliths which nearly always appears 
hyaline in transmitted light. 


Table II ; Percentage (and numbers) within each age stage from observations of the outer zone 
of otoliths ; data pooled over two month periods. 


Stage 

Months 


12 

* i 

3 


5- 

+ 6 

7 ■ 

+ 8 

9 - 

h 10 

1 

36 

(9) 

0 

(0) 

0 

(0) 

0 

(0) 

5 

(2) 

2 

16 

(4) 

63 

(10) 

o 

(0) 

8 

(2) 

8 

(3) 

3 

20 

(5) 

19 

(3) 

90 

(9) 

4 

0) 

5 

(2) 

4 

4 

(1) 

19 

(3) 

0 

(0) 

67 

(16) 

23 

(9) 

5 

24 

(6) 

0 

(0) 

10 

0) 

21 

(5) 

60 

(24) 


Table IH : Percentage (and numbers) within each age stage from observations of the outer zone 
of scales' data pooled over Ihrec month periods. 


Stage 

Months 


i +: 

i + 4 

7 + 

8+9 

1 

0 

(0) 

0 

(0) 

2 

50 

(17) 

7 

(3) 

3 

29 

(10) 

9 

(4) 

4 

12 

(4) 

24 

(11) 

5 

9 

(3) 

61 

(28) 


(39), Notothenia neglecia (2), Notothenia rossii (8), Nototheniops nudifrons (47), 
Nototheniops larseni (1), Tremaiomus newnesi (4), and Harpagifer georgianus (19). A 
chi-square lest of the number in each-stage zone throughout the year indicated that it 
was not a uni form distribution (X 2 16 p«0 + 005). The results (Fig. 1) show that in the 
majority of otoliths Lhcrc was a progressive sequence of zones throughout the year. 
There is either a well-developed hyaline zone or a narrow opaque zone during 
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December and early January (stage V or I), a well developed opaque zone during 
March and April (stage II), a wide opaque zone in May and June (stage III) (almost 
equal in width to the previous complete opaque zone), a narrow hyaline zone in July 
and August (stage IV), and a well dcvclopped hyaline zone in September and October 
(stage V). 

Particular stages in the development of the annulus were only found during 
certain periods of the year. An outer opaque zone was found from January to June 
during the austral summer and auLumn ; whereas an outer hyaline zone was found 
during July to January, in the southern winter, spring and early summer. This 
demonstrates that the opaque and hyaline zones arc formed at differ cm periods of the 
year and that an annulus consisting of an adjacent opaque and hyaline zone is formed 
each year. A very narrow opaque zone was observed on the outer edge of some 
otoliths, from October (n - 3) and early January (n = 2) (no observations from 
November). The opaque zone was therefore initiated during October to January (in 
spring and early summer). The intiation of the hyaline zone was difficult to identify 
due to the pseudo-hyaline edge of the otolith. Observations classified as a narrow 
hyaline zone during April and May (Fig. I) were probably errors resulting from 
difficulties in discriminating between the hyaline zone and the pseudo-hyaline zone. 
A wide opaque zone was observed in the majority of otoliths from May and June, but 
during July and August most of the otoliths sampled had a narrow hyaline zone. 
Therefore the beginning of the hyaline zone was during the winter, 

SCALES 

The type of zone found on the outermost edge of scales for three month 
periods is shown in Fig. 2 and Table III. Data from several species were combined 
(number of specimens) : Notolhenia angusiifrons (65), Notothenia neglect a (2), 
Notothenia rossii (11) and Nototheniops nudifrons (45), From the observations, the 
most common age-stage zones in scales were a zone of widely spaced sclcritcs during 
January to April (stage II), and a well developed zone of closely spaced sclcritcs 


Stage 


1 



2 



3 



4 


5 


12+1 




100% 


3 + 4 5 + 6 7 + 8 9+10 


Months 

Fig. 1 : Age-stage zones observed on the outer edge of otoliths as a percentage of the number 
sampled. Data pooled for two month periods. 
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Stage 



3 


4 

5 


1*3*4 



ioo Js 


7 + B ♦ 9 


Months 


Pig. 2 : Age -stage zones observed on the outer edge of scales as a percentage of the number 
sampled. Data pooled over three month periods. 
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Month 

Fig, 3 : Temperatures ai Cumberland East Bay, South Georgia during 1980 ; air at 

Grytvikcn (monthly mean), __sea at 5m depth in King Edward Cove, and - * - * sea at 30m 

depth (in the bay outside the entrance Lo the cove) (Limbcrt, 1980, 1981a and 1981b; Forster, 
1980); and the percentage of otoliths with an opaque zone on the edge (Table U), 


during July to September (stage V) + A chi-square test confirmed that the age-stage 
zones were not uniformly distributed throughout the year (X 2 4 p«G + 005), In scales 
the peripheral zone of widely spaced sclerites was found in specimens collected 
during the summer and autumn, and of closely spaced sclcritcs during the winter. 













113 


DISCUSSION 

The pseudo-hyaline edge in otoliths was estimated \o represent about one 
month of growth. This reduces the precision in determining when different types of 
zones were formed in otoliths. That is, in otoliths the differentiated opaque or 
hyaline zone observed was formed about one month before the otolith was sampled 
from the fish. The opaque zone in otoliths was initiated in October to January, and 
developed during November to June, It therefore represents a summer and autumn 
zone. The hyaline zone was initiated in July and August and was found on the 
periphery of the majority of otoliths from August to December, It is therefore a 
winter and spring zone. Fish of the same year class at certain times of the year may 
have a different type of peripheral zone on their otoliths. In December (Fig, 1) the 
peripheral zone in the otoliths of some individual fish was hyaline! but in others 
there was the beginning of an opaque zone. If these fish are of the same year class 
and they were sample during December they could be assigned different ages. To 
avoid this problem only complete annuli consisting of an adjacent opaque and 
hyaline zone should be counted as one year. Bureau (1964) has suggested that 
temperature may affect the type of zone formed in otoliths, and in this study the 
greatest percentage of otoliths having an outer opaque zone were found during the 
periods of the year when sea temperatures were highest (Fig, 3). However temperature 
and season affect many aspects of the condition and behaviour of Antarctic fish. 
Targett (pers, comm,) found that temperature had a profound effect on the feeding rate 
of Harpagifer antarctic us. Burchett (1983) found that the mean relative liver size in 
Notothema rossii at South Georgia was high from March to August (autumn to early 
winter) and low from September to February (late winter to summer). 

Clearly a thorough investigation of Lhe development of hard tissues, in 
relation to both environmental (temperature, photoperiod, etc.) and endogenous 
(reproductive and nutritional status, hormone cycles, etc.) variables would be of 
considerable value. 

This study validates the assumption that two zones are formed in both 
otoliths and scales during one year, which together constitute one annulus. The use 
of annuli in scales and otoliths to age Antarctic fish is therefore a valid technique if 
the interpretation and nomenclature suggested by Everson (1983) arc used. 
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